
  

Moriond 2021
Summary of the “Precision” session

● Personal selection of a quite short session + some digressions

a
QED
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m
. Progress in experiment and theory

Neutron EDM and constraints on new physics

Direct CP violation in K decays



  

Recent measurement of a
QED

 (LKB)
● Why?

– Tests of QED exploit two phenomena : Lamb shift, and (g-2)e (or ae)

– In pure electron systems, the theoretical expressions are a function of aQED and 
the lepton masses only, for example:
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Recent measurement of a
QED 

 (LKB)
● Experiment

87R
b
 present in two states (excited / ground state), which interfere. The different 

velocities v
r
 induce a phase shift f over the duration of the “flight”.

The interferometer measures f, then f → v
r
 → h/m

Rb
 → a

QED
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Recent measurement of a
QED

 (LKB)
● Result

Improvement over previous result
by a factor of 3.

Systematics dominated measurement:
- knowledge of laser beam parameters
  (uncertainty in phase shift induced by 
  beam small frequency dispersion)
- mass of 87R

b

- electron mass
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● ae vs am
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● Contributions to am (as of 2018)
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● Current evaluation : g-2 Theory Initiative, arXiv:2006:04844 (2020)

● Aim : full review of theoretical prediction for this parameter

– QED, Weak : purely perturbative calculations, up to 5th order and beyond

– Hadronic contributions : “HVP” and “HLbL” combine perturbative calculations and 
input from data
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● Current evaluation : g-2 Theory Initiative, arXiv:2006:04844 (2020)

In depth evaluation of QED, Weak and
Hadronic contributions. Dispersive results
are still the baseline, and now also introduced 
for the LbL contributions

Lattice calculations gain momentum!

Moriond was just before the announcement
of the last experimental result. 
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● Experimental update : April 7, 2021, g-2 Collaboration (Fermilab)

(White paper
result) 4.2 standard deviations!!

But..
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● Recent results in lattice QCD

Latest lattice prediction ~as precise
as the dispersive results, and in
better agreement with measurement.

 On arXiv since some time. Not used 
in White Paper as checks were still 
ongoing, and no independent result 
with same precision.

Finally published within a day from the 
experimental result.
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Neutron EDM

● Motivation : test of CP violation

SM prediction
Strong CP New Physics at high scale 



  

Neutron EDM
● Experiment : nEDM @ PSI. Principle, in a nutshell : 

Ultra-cold, polarized neutrons.
Measurement of the change of the 
Larmor precession frequency

under change of polarity of the 
electric field :

|B| = 1036 nT
|E| = 11 kV / cm
T = 2 mK, v ~ 5m/s



  

Neutron EDM
● Result

Compare to contribution 
from CKM : d

n
 ~ 10-32 e.cm



  

Direct CP violation in K decays
● Experimental program : 

→ NA62 : 

→ KOTO : BR < 3×10-9 (90% C.L.) 
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Direct CP violation in K decays

● The KOTO “anomaly” (as referred to by a flurry of “interpretation” papers)

– 2015 data :
● 2.2 × 1019 protons on target

● 0.4 background events expected, <0.1 signal

● None observed, limit BR < 3 10-9  

– 2016 – 2018 :
● 7 × 1019 protons on target
● 1.2 background events expected, <0.1 signal

● Three observed,  limit BR < 4.9 10-9  

→ not an anomaly! But a drastic effort in background reduction is needed



  

Direct CP violation in K decays
● Prospects

Ultimately expect
~100 signal events, 
~10% measurement
          precision

Sensitivity O(10-11)



  

Summary
● aQED and ae,m

– aQED : very precise new result at LKB, tension with main competitor (Berkeley). Upgrades 
ongoing to reach 10-11 uncertainty (a further factor of 8)

– ae : good agreement between direct measurement (spin precession) and calculation using 
aQED as experimental input

– am : situation still unclear. Lots of momentum on the experimental and theory sides. Further 
updates from lattice QCD might change the picture.

● Neutron EDM

– Test CP violation. Not yet sensitive, but new generation of experiments will push limits

● Direct CP violation in K decays

– NA62 (charged current) in good agreement with SM.

– KOTO (neutral current) : in progress; requires large increase in luminosity and background 
reduction to achieve advertised sensitivity.
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